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TXHVWLRQVDUHXVXDOO\DVNHG7KH\DUHZKDWFDQJRZURQJ"+ow likely is it" What are the consequences"7KHILUVWLV
DERXWDVHWRIDFFLGHQWVFHQDULRVWKHVHFRQGLVDERXWHYDOXDWLQJWKHSUREDELOLWLHVRIWKHVHVFHQDULRVDQGWKHWKLUGLV
DERXWHVWLPDWLQJWKHLUFRQVHTXHQFHV>@
5LVN DVVHVVPHQW LV D FRPSUHKHQVLYH WKHRUHWLFDO PHWKRG DQG LV DLPHG DW LGHQWLI\LQJ DQG DVVHVVLQJ ULVNV LQ
FRPSOH[V\VWHPIRU WKHSXUSRVHRIFRVWHIIHFWLYHO\ LPSURYLQJ WKHV\VWHP
VVDIHW\DQGSHUIRUPDQFH>@7\SLFDOO\
WKHUHDUH WZRULVNDVVHVVPHQWDSSURDFKHVTXDOLWDWLYHDQGTXDQWLWDWLYH4XDOLWDWLYHULVNDQDO\VLV LVDQDQDO\VLV WKDW
XVHVEURDGFDWHJRUL]DWLRQVIRUSUREDELOLWLHVDQGFRQVHTXHQFHVRIIDLOXUHZKLOHTXDQWLWDWLYHULVNDQDO\VLVXVHVORJLF
PRGHOV GHSLFWLQJ FRPELQDWLRQV RI HYHQWV WKDW FRXOG UHVXOW LQ VHYHUH DFFLGHQWV DQG SK\VLFDOPRGHOV GHSLFWLQJ WKH
SURJUHVVLRQRIDFFLGHQWVDQGWKHWUDQVSRUWRIDKD]DUGRXVPDWHULDOWRWKHHQYLURQPHQW>@7KHUHDUHDODUJHQXPEHU
RI ULVN DVVHVVPHQW DQGPDQDJHPHQW DSSURDFKHV KDYH SURYHQ WR EH HIIHFWLYHO\ LGHQWLILHG DQG DVVHVVHG SRWHQWLDO
ULVNVH[LVWLQJLQDV\VWHPVXFKDVIDLOXUHPRGHVDQGHIIHFWVDQDO\VLV>@HYHQWWUHHDQDO\VLV>@IDXOWWUHHDQDO\VLV
>@DQDO\WLFKLHUDUFK\SURFHVV>@ULVNPDWUL[>@SUREDELOLVWLFULVNDVVHVVPHQW>@IX]]\FRPSUHKHQVLYHHYDOXDWLRQ
>@DQG%D\HVLDQ1HWZRUN%1>@
3UHVVXUHYHVVHOVDQGSUHVVXUHSLSHOLQHVDUHWKHYLWDOHOHPHQWVRIFKHPLFDOSURFHVVHTXLSPHQWWKDWDUHZLGHO\DQG
IUHTXHQWO\ XVHG LQ PDQ\ LQGXVWULHV VXFK DV SHWUROHXP FKHPLFDO LQGXVWU\ OLJKW LQGXVWU\ WH[WLOH PHWDOOXUJ\
PDFKLQHU\ DHURVSDFH WUDQVSRUWDWLRQ PLQLQJ >@ ,Q WKH SHWURFKHPLFDO LQGXVWU\ DOPRVW HYHU\ SURFHVV LV
LQVHSDUDEOH IURP SUHVVXUH YHVVHO DQG SUHVVXUH SLSHOLQH &KHPLFDO SURFHVV HTXLSPHQW DUH DOZD\V ZRUNHG XQGHU
DGYHUVHFRQGLWLRQVLQWKHSURGXFWLRQWKXVWKHDFFLGHQWVHDVLO\KDSSHQ,QGHHGWKHDFFLGHQWVDUHORZSUREDELOLW\EXW
KLJK FRQVHTXHQFHV 0RUHRYHU WKH IDLOXUH PHFKDQLVP RI FKHPLFDO SURFHVV HTXLSPHQW LV FRPSOH[ DQG QRW RQO\
LQFOXGHV PDWHULDO GHWHULRUDWLRQ EXW DOVR WKH LQIOXHQFH RI WKH HQYLURQPHQW 7KHUHIRUH ULVN DVVHVVPHQW LV YHU\
LPSRUWDQW LQ FKHPLFDO SURFHVV HTXLSPHQW DV WKH\ GHDO ZLWK D ODUJH DPRXQW RI IODPPDEOH FKHPLFDOV 6LPLODUO\
SURFHVVDUHDVDUHFRQJHVWHGZLWKFRPSOH[SLSLQJKLJKSUHVVXUHFRPSUHVVRUVDQGVHSDUDWRUVRIZKLFKPDOIXQFWLRQV
DQGPLVKDSVPD\OHDGWRFDWDVWURSKLFDFFLGHQWV>@
)RUWXQDWHO\LQRUGHUWRSUHYHQWRUDYRLGWKHXQZDQWHGHYHQWVZKLFKPD\FDXVHFDWDVWURSKLFDFFLGHQWVWKHUHDUH
ORWVRIVFKRODUVSD\LQJKLJKO\DWWHQWLRQVWRLGHQWLI\DQGDVVHVVULVN>@7RSHUIRUPULVNDVVHVVPHQWIRUQDWXUDO
JDVSLSHOLQHV6KDKULDU HW DO >@XVHG IX]]\ ORJLF WR FDOFXODWH IX]]\SUREDELOLWLHV OLNHOLKRRGRIEDVLF HYHQWV LQ
IDXOWWUHHDQGWRHVWLPDWHIX]]\SUREDELOLWLHVOLNHOLKRRGRIRXWSXWHYHQWFRQVHTXHQFHV/LDQJHWDO>@IRFXVHGRQ
WKHDSSOLFDWLRQRIVHOIRUJDQL]LQJPDSV620VWRDVVHVVWKHULVNRIWKLUGSDUW\LQWHUIHUHQFHDQGFODVVLI\WKHLUULVN
SDWWHUQV,QWKHZRUNIDXOW WUHHZDVILUVWO\XVHGWRHVWDEOLVKWKHULVNDVVHVVPHQWLQGH[V\VWHPDQGWKHQ620ZDV
XVHG LQ PXOWLSDUDPHWHU ULVN SDWWHUQ FODVVLILFDWLRQ DSSURDFK ZKLFK ZDV SURSRVHG WR SUHVHQW YDULRXV ULVN PDSV
LQFRUSRUDWLQJ WKH IDFWRUV RI SLSHOLQH OD\LQJ FRQGLWLRQV KLVWRULFDO GDPDJH UHFRUGV VDIHW\UHODWHG DFWLRQV
PDQDJHPHQWPHDVXUHVDQGWKHHQYLURQPHQWDURXQGWKHXQGHUOLQJSLSHOLQH/DYDVDQLHWDO>@H[WHQGHGIX]]\IDXOW
WUHH DQDO\VLVPHWKRGRORJ\ WR SHWURFKHPLFDO SURFHVV LQGXVWU\ LQZKLFK ILUH H[SORVLRQ DQG WR[LF JDV UHOHDVHV DUH
UHFRJQL]HG DV SRWHQWLDO KD]DUGV .KDN]DG HW DO >@ FRPSDUHG IDXOW WUHH DQDO\VLV ZLWK %D\HVLDQ DQDO\VLV LQ JDV
SURFHVV IDFLOLWLHV LWZDV IRXQGHG WKDW%D\HVLDQ DQDO\VLVZDV D VXSHULRU WHFKQLTXH LQ ULVN DQDO\VLV E\ LWV IOH[LEOH
VWUXFWXUHDOORZLQJLWWRILWDZLGHYDULHW\RIDFFLGHQWVFHQDULRV.RáRZURFNL>@LQWURGXFHGDQDV\PSWRWLFDSSURDFK
WRUHOLDELOLW\HYDOXDWLRQRIPXOWLVWDWHV\VWHPZKLFKZDVDSSOLHGLQDQRLOWUDQVSRUWDWLRQV\VWHP
2EYLRXVO\ IRUHPHQWLRQHG UHSRUWV DUH DOPRVW EDVHG RQ ELQDU\ UHOLDELOLW\ WKHRU\ >@ 7KH\ VXIIHU VHYHUH
OLPLWDWLRQVRIVWDWLFVWUXFWXUHDQGXQFHUWDLQW\KDQGOLQJZKLFKDUHRIJUHDWVLJQLILFDQFHLQSURFHVVVDIHW\DQDO\VLV,Q
DGGLWLRQWKHHIIHFWRISDUWLDOV\VWHPIDLOXUHRQV\VWHPSHUIRUPDQFHLVQRWWDNHQLQWRDFFRXQWZKLFKOHDGVWRDELJ
GLIIHUHQFH EHWZHHQ FDOFXODWLRQ UHVXOWV E\ ULVN DVVHVVPHQWPRGHO DQG DFWXDO VLWXDWLRQ7R DGGUHVV DERYH LVVXHV D
PXOWLVWDWH%D\HVLDQQHWZRUNZDVSURSRVHGWRUHOLDELOLW\DVVHVVPHQWRIPXOWLVWDWHGHJUDGDWLRQV\VWHP7KHDFFXUDF\
RIWKHSURSRVHGPHWKRGZDVYDOLGDWHGE\WKHRLOJDWKHULQJDQGWUDQVIHUULQJV\VWHP
0XOWLVWDWHGHJUDGDWLRQV\VWHP
$EUXSWIDXOWDQGGHJUDGDWLRQIDXOWDUHWZRPDLQIDXOWW\SHVLQWKHUHDOZRUOG)LJVKRZVWKHWZRIDXOWW\SHV
$VVKRZQLQ)LJD LW LVDQDEUXSW IDXOW7KHV\VWHPLVFRQVLGHUHGDV WZRXOWLPDWHVWDWHVRQH LV WKHSHUIHFW
VWDWHDQGWKHRWKHULVWKHFRPSOHWHIDLOXUHVWDWH7KHV\VWHPLVLQWKHSHUIHFWVWDWHGXULQJPLVVLRQWLPHT DQGLQWKH
FRPSOHWHIDLOXUHVWDWHEH\RQGWKHPLVVLRQWLPH7KHUHDUHVHYHUDOUHDVRQVZKLFKFDQFDXVHWKLVIDXOWW\SHVXFKDVWKH
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FRPSRQHQW XQGHU VWURQJ VKRFN &RQYHQWLRQDO ULVN DVVHVVPHQW PHWKRGV DUH EDVHG RQ WKLV WKHRU\ +RZHYHU LQ
SUDFWLFHWKHPRVWV\VWHPVDQGFRPSRQHQWVDUHH[SRVHGWRSHUIRUPDQFHGHJUDGDWLRQSURFHVV

D$EUXSW)DXOWE'HJUDGDWLRQ)DXOW
T 7LPHt7LPH
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)LJ)DXOWW\SHV
$VVKRZQLQ)LJEWKHV\VWHPLVLQWKHSHUIHFWVWDWHZKHQRSHUDWLRQDOWLPH  t 7KHV\VWHPSHUIRUPDQFHLV
JUDGXDOO\ GHWHULRUDWHG GXULQJ RSHUDWLRQDO SURFHVV 7KHUH LV D IDXOW WKUHVKROG ZKHQ RSHUDWLRQDO WLPH tt   7KH
V\VWHP IDXOW ZRXOG RFFXU ZKHQ LW UHDFKHG WKLV IDXOW WKUHVKROG 7KXV WKH V\VWHP DUH LQ GHJUDGDWLRQ VWDWHV ZKHQ
RSHUDWLRQDO WLPH  tt   DQG LQ FRPSOHWH IDLOXUH VWDWH DIWHU RSHUDWLRQDO WLPH tt   )RU H[DPSOH PDWHULDO
SHUIRUPDQFH GHWHULRUDWHG 7KHUHIRUH WKHUH DUH JUHDW OLPLWDWLRQV LQ WKH WUDGLWLRQDO UHOLDELOLW\ WKHRU\ 7R IXUWKHU
LQWHUSUHW WKH V\VWHPDQGFRPSRQHQWGHJUDGDWLRQ UHODWLRQVKLSV DPXOWLVWDWHGHJUDGDWLRQ V\VWHPZDVJLYHQ LQ WKLV
VHFWLRQ
,W LV DVVXPHG WKDW PXOWLVWDWH GHJUDGDWLRQ V\VWHP FRQWDLQV n FRPSRQHQWV  nixi "  HDFK FRPSRQHQW
LQFOXGHV im VWDWHV  im"  DQG UHVSHFWLYHO\ LQGLFDWLQJ WKHSHUIHFW VWDWH WR WKHFRPSOHWH IDLOXUH VWDWH IURP
OHIWWRULJKWLH imo ZKHUHGHQRWHVWKHSHUIHFWVWDWHDQG im GHQRWHVWKHFRPSOHWHIDLOXUHVWDWHWKHRWKHUVDUH
GHJUDGDWLRQ VWDWHV 7KXV VWUXFWXUH IXQFWLRQ xM ZDV GHYHORSHG WR GHVFULEH WKH PDSSLQJ UHODWLRQVKLSV EHWZHHQ
V\VWHPVWDWHVDQGFRPSRQHQWVWDWHV
&RPSRQHQWVWDWHVYHFWRU
 nxxxx   "   
6WUXFWXUHIXQFWLRQ
 Mmmmx ni   """""" ouuuuM  
ZKHUHWKHELQDU\V\VWHPLVDVSHFLDOFDVHZKHQWKHV\VWHPVWDWHVDUHRQO\FRQVLGHUHGDVWKHFRPSOHWHIDLOXUHVWDWH
DQGWKHSHUIHFWVWDWH
%D\HVLDQQHWZRUN
,QWKLVVHFWLRQEHFDXVHRIWKHSRZHUIXODELOLW\RIELGLUHFWLRQDOUHDVRQLQJDQGSUREDELOLW\XSGDWLQJDPXOWLVWDWH
%D\HVLDQQHWZRUNZDVSURSRVHGWRDQDO\]HPXOWLVWDWHGHJUDGDWLRQV\VWHPV
3.1. Standard Bayesian Network 
%1 LV D'LUHFWHG$F\FOLF*UDSK DQG LQYROYHV D QRGHV VHW VHYHUDO GLUHFWHG HGJHV DQG&RQGLWLRQDO 3UREDELOLW\
7DEOHVCPT%1LVQDPHGDV   CPTEVBN  ZKHUHV  E DQGCPTUHVSHFWLYHO\GHQRWH%D\HVLDQQHWZRUNQRGHV
VHWGLUHFWHGHGJHVDQGFRQGLWLRQDOSUREDELOLW\WDEOHV1RGHUHSUHVHQWVUDQGRPYDULDEOHWKXVQRGHVVHWDOVRQDPHVDV
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UDQGRPYDULDEOHVVHW5DQGRPYDULDEOHVVHWFRQWDLQVFRPSRQHQWVWDWHVSURSHUWLHVDQGREVHUYDWLRQYDOXHV7KHUHDUH
VRPHGLUHFWHGHGJHVEHWZHHQSDLUVRIQRGHV7KH\ LQGLFDWHGHSHQGHQFLHVDQGFDXVDO UHODWLRQVKLSVEHWZHHQUDQGRP
YDULDEOHVCPTRIUDQGRPYDULDEOHVLVWKHGHSHQGHQFHLPSDFWEHWZHHQQRGHV
%DVHG RQ FRQGLWLRQDO LQGHSHQGHQFH DQG FKDLQ UXOH WKH %D\HVLDQ IRUPXOD IRU MRLQW SUREDELOLW\ GLVWULEXWLRQ RI
UDQGRPYDULDEOHVVHW  nXXX   " FDQEHDWWDLQHG
_
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ZKHUH   nXXXP " LV WKH MRLQW SUREDELOLW\ GLVWULEXWLRQ RI YDULDEOHV DQG  iXPa LV WKH SDUHQW QRGH¶V IDLOXUH
SUREDELOLW\RIYDULDEOH iX 
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3.2. Multi-state Bayesian Network 
0XOWLVWDWHVHULHVV\VWHP
7KHUHKDVDFRPSRQHQWVHW  niX i " LQDVHULHVV\VWHPDQGHDFKFRPSRQHQWKDVDVWDWHVHW  im" S
GHQRWHVV\VWHPVWDWH7KHPXOWLVWDWHVHULHVV\VWHPSHUIRUPDQFHVWDWHLVHTXDOWRWKHZRUVWFRPSRQHQWSHUIRUPDQFH
VWDWHLH
PLQ

ini
Xx
dd
 M   
&37RIQRGHSLQWKHVHULHVV\VWHPFDQEHFDOFXODWHGDV
¯
®
­      
otherwise
jik
jXiXkSPserise 
PD[
_   
ZKHUH iX    jX   DQG kS  UHVSHFWLYHO\GHQRWHFRPSRQHQW X LVLQVWDWH i FRPSRQHQW X LVLQVWDWH j DQG
WKHVHULHVV\VWHPLVLQVWDWH k 

S
S 
X X
X X
X1   
X         
         
         
         
CPT RI1RGH S
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)LJPXOWLVWDWH%D\HVLDQQHWZRUNRIWKHVHULHVV\VWHP
)LJXUH  VKRZV WKH PDSSLQJ GLDJUDP EHWZHHQ VHULDO V\VWHP DQG PXOWLVWDWH %D\HVLDQ 1HWZRUN 7KHUH DUH 
FRPSRQHQWVLQWKHVHULHVV\VWHPDQGHDFKFRPSRQHQWKDVVWDWHV
7KH FRUUHVSRQGLQJ MC PDSSLQJ GLDJUDP LV VKRZQ LQ )LJ  ,Q WKLV FDVH FRPSRQHQW X KDV  VWDWHV DQG
FRPSRQHQWXDOVRKDVVWDWHVWKXVWKHVHULHVV\VWHPKDV u VWDWHV%XWHVSHFLDOO\IRUFRPSOH[V\VWHPLILWKDV
n FRPSRQHQWVDQGHDFKFRPSRQHQWKDVm VWDWHVWKHVHULHVV\VWHPZLOOKDYH mmm uuu " VWDWHV7KHUHIRUHMC
LVIDFHGVWDWHVSDFHH[SORVLRQSUREOHP

)LJ0DUNRY&KDLQRIWKHVHULHVV\VWHP
0XOWLVWDWHSDUDOOHOV\VWHP
7KHUHKDVDFRPSRQHQWVHW  niX i " LQDSDUDOOHOV\VWHPDQGHDFKFRPSRQHQWKDVDVWDWHVHW  im" 
S GHQRWHV V\VWHP VWDWH 7KH PXOWLVWDWH SDUDOOHO V\VWHP SHUIRUPDQFH VWDWH LV HTXDO WR WKH SHUIHFW FRPSRQHQW
SHUIRUPDQFHVWDWHLH
PD[

i
ni
Xx
dd
 M   
)LJXUHVKRZVWKHPXOWLVWDWH%D\HVLDQQHWZRUNRIWKHSDUDOOHOV\VWHP

)LJ0XOWLVWDWH%D\HVLDQQHWZRUNRIWKHSDUDOOHOV\VWHP
&37RIQRGHSLQWKHSDUDOOHOV\VWHPFDQEHFDOFXODWHGDV
S
S 
X X
X
X
X1 0 1 2 
X 0 1 2 0 1 2 0 1 2 
0         
1         
2         
CPT RI1RGH S
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¯
®
­      
otherwise
jik
jXiXkSPparallel 
PLQ
_   
0XOWLVWDWHSDUDOOHOVHULHVV\VWHP
)LJXUHVKRZVDPXOWLVWDWHSDUDOOHOVHULHVV\VWHP7KHUHKDV N SDUDOOHOVXEV\VWHPVLQWKHPXOWLVWDWHSDUDOOHO
VHULHVV\VWHPHDFKSDUDOOHOVXEV\VWHPKDV n FRPSRQHQWVDQGHDFKFRPSRQHQWKDVm VWDWHV7KHUHIRUHWKHPXOWL
VWDWH SDUDOOHOVHULHV V\VWHP SHUIRUPDQFH VWDWH LV HTXDO WR WKH SHUIHFW FRPSRQHQW SHUIRUPDQFH VWDWH LQ WKH ZRUVW
SDUDOOHOVXEV\VWHPLH
PD[PLQ

iniNj
Xx
dddd
 M   

)LJ0XOWLVWDWHSDUDOOHOVHULHVV\VWHP
&DVHVWXG\2LOJDWKHULQJDQGWUDQVIHUULQJV\VWHP
$VDQ LOOXVWUDWLRQDQRLOJDWKHULQJDQG WUDQVIHUULQJV\VWHPZDVFRQVLGHUHG LQ WKLVSDSHU7KHRLOJDWKHULQJDQG
WUDQVIHUULQJV\VWHPPDLQO\LQFOXGHVWKHJDVOLTXLGVHSDUDWLRQGHK\GUDWLRQRIFUXGHRLOFUXGHRLOVWDELOLW\DQGOLJKW
K\GURFDUERQUHFRYHU\VHZDJHWUHDWPHQW7KLVV\VWHPLVDOZD\VXQGHUKDUVKHQYLURQPHQWDOFRQGLWLRQVDQGWKHUHDUH
DODUJHQXPEHURIIODPPDEOHDQGH[SORVLYHVXEVWDQFHV2QFHWKHV\VWHPJRHVZURQJLWPD\OHDGWRKXJHHFRQRPLF
ORVVHV RU HYHQ FDXVH FDVXDOWLHV 7KHUHIRUH LW LV QHFHVVDU\ WR IXUWKHU DQDO\]H WKH IDLOXUH PHFKDQLVP RI WKH RLO
JDWKHULQJDQGWUDQVIHUULQJV\VWHP
4.1. Principle of the oil gathering and transferring system 
7KHRLO JDWKHULQJ DQG WUDQVIHUULQJ V\VWHP LVPDLQO\ FRQVLVWHG RI WKUHHSKDVH VHSDUDWRU RLO VWRUDJH WDQN ORQJ
GLVWDQFHSLSHOLQHVKHDWH[FKDQJHUDQGRLOSXPS7KHFUXGHRLOLVGHOLYHUHGLQWRRLOVWDWLRQVWKURXJKORQJGLVWDQFH
SLSHOLQHVIURPRLOZHOOV$VVKRZQLQ)LJWKHUHDUHORQJGLVWDQFHSLSHOLQHVZKLFKDUHGLUHFWO\FRQQHFWHGWRRLO
VWDWLRQV7KHFUXGHRLO LVKHDWHGE\WKHKHDWH[FKDQJHUDQGLVGHOLYHUHGLQWRWKHWKUHHSKDVHVHSDUDWRUIRURLOJDV
ZDWHUVHSDUDWLRQ7KHGHK\GUDWHGRLOLVVWRUHGLQWRWKHRLOVWRUDJHWDQN7KHVWRUDJHWDQNFDQEHXVHGIRURLOVHWWOLQJ
DQGSXULILFDWLRQ)LQDOO\WKHRLOLVGHOLYHUHGRXWVLGHZLWKWKHRLOSXPS,QDGGLWLRQWKHVHZDJHLVSURFHVVLQJE\WKH
VHZDJHV\VWHPDQGWKHDVVRFLDWHGJDVLVUHJXODWHGDVERLOHUIXHOWKURXJKWKHSUHVVXUHGHYLFH
S
««
ĂĂ


n
……


n
S S
……


n1
S1
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9DOYH
9DOYH
9DOYH
9DOYH
+HDW([FKDQJHU
7KUHHSKDVH
6HSDUDWRU
2LO6WRUDJH7DQN
2LO3XPS
3LSHOLQH
3LSHOLQH
3LSHOLQH
3LSHOLQH
'LVFKDUJH*DV
2LO2XWOHW
2LO
,QOHW
6HZDJH

)LJ6FKHPDWLFGLDJUDPRIWKHRLOJDWKHULQJDQGWUDQVIHUULQJV\VWHP
4.2. Reliability analysis of the oil gathering and transferring system 
7KHRLOJDWKHULQJDQGWUDQVIHUULQJV\VWHPFDQEHUHJDUGHGDVDPXOWLVWDWHGHJUDGDWLRQV\VWHP)LJVKRZVWKH
UHOLDELOLW\EORFNGLDJUDPRIWKHRLOJDWKHULQJDQGWUDQVIHUULQJV\VWHP7KHYDOYHVDUHQRWWDNHQDFFRXQWLQWKLVSDSHU
7KHUHDUHFRPSRQHQWVLQWKLVV\VWHP)RXUORQJGLVWDQFHRLOSLSHOLQHVDUHLQSDUDOOHODQGWKHQDUHLQVHULHVZLWKWKH
RWKHUFRPSRQHQWV7KHV\VWHPIRXUORQJGLVWDQFHSLSHOLQHVDQGRLOVWRUDJHWDQNDUHFRQVLGHUHGDVIRXUVWDWHVZKLFK
DUHUHVSHFWLYHO\ LQGLFDWHG WKHSHUIHFWVWDWH WR WKHFRPSOHWHIDLOXUHVWDWHIURPOHIW WRULJKWDQG WKHLUIRXUVWDWHVDUH
H[SUHVVHGDV DQG7KH UHPDLQLQJFRPSRQHQWV DUHFRQVLGHUHG WZRVWDWHVRQH LV WKHSHUIHFW VWDWH DQG WKH
RWKHULVWKHFRPSOHWHIDLOXUHVWDWHZKLFKDUHH[SUHVVHGDVDQG3ULRUSUREDELOLW\RIHDFKFRPSRQHQWLVVKRZQLQ
7DEOH

)LJ5HOLDELOLW\EORFNGLDJUDPRIWKHRLOJDWKHULQJDQGWUDQVIHUULQJV\VWHP
)LJXUHVKRZV%D\HVLDQQHWZRUNRIWKHRLOJDWKHULQJDQGWUDQVIHUULQJV\VWHP:KHUH3DUDOOHOQRGHGHQRWHVWKH
UHODWLRQVKLSRIWKHFRPSRQHQWVLVLQSDUDOOHODQG6\VWHPQRGHGHQRWHVWKHUHODWLRQVKLSRIWKHFRPSRQHQWVLVLQVHULHV
1RGHV3333+(6HSDUDWRU26723GHQRWHUHVSHFWLYHO\SLSHOLQHSLSHOLQHSLSHOLQHSLSHOLQHKHDW
H[FKDQJHUWKUHHSKDVHVHSDUDWRURLOVWRUDJHWDQNDQGRLOSXPS
2LOJDWKHULQJDQGWUDQVIHUULQJV\VWHP
3LSHOLQH
3LSHOLQH
3LSHOLQH
3LSHOLQH
+HDW
([FKDQJHU

7KUHHSKDVH
6HSDUDWRU
2LO
6WRUDJH
7DQN

2LO
3XPS

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7DEOH3ULRUSUREDELOLW\RIHDFKFRPSRQHQW
Components P(0) P(1) P(2) P(3)
3LSHOLQH    
3LSHOLQH    
3LSHOLQH    
3LSHOLQH    
2LOVWRUDJH7DQN    
7KUHHSKDVH6HSDUDWRU   
+HDW([FKDQJHU  
2LO3XPS  


)LJ%D\HVLDQQHWZRUNRIWKHRLOJDWKHULQJDQGWUDQVIHUULQJV\VWHP
$FFRUGLQJ WR WKH SULRU SUREDELOLW\ RI HDFK FRPSRQHQW DQG WKH 06%1; VRIWZDUH WKH SDUDOOHO VXEV\VWHP
SRVWHULRUSUREDELOLW\DQGWKHV\VWHPSRVWHULRUSUREDELOLW\FDQEHFDOFXODWHGZKLFKDUHVKRZQLQ)LJ7KHSDUDOOHO
VXEV\VWHPSRVWHULRUSUREDELOLW\LQWKHFRPSOHWHIDLOXUHVWDWHLVDOPRVW WKHUHIRUHWKHFUXGHRLOIRUPRLOZHOOVLV
VXSSOLHGQRUPDOO\E\WKHORQJGLVWDQFHSLSHOLQH0RUHRYHUWKHV\VWHPSRVWHULRUSUREDELOLW\LQVWDWH   ii LV
FRQYHQLHQWO\FDOFXODWHG


)LJ3RVWHULRUSUREDELOLW\
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

       
&RPSRQHQWV
)DLOXUHSUR
ELDEOLW\

)LJWKHHIIHFWRIDFRPSRQHQWIDLOHGLQVWDWHRQV\VWHPSHUIRUPDQFH
$FFRUGLQJ WR FDXVDO LQIHUHQFHV WKH HIIHFW RI D FRPSRQHQW IDLOHG LQ VWDWH  LH WKH SHUIHFW VWDWH RQ V\VWHP
SHUIRUPDQFH FDQ EH DOVR REWDLQHG ZKLFK LV VKRZQ LQ )LJ :KHUH  Ă  GHQRWH SLSHOLQH  SLSHOLQH 
SLSHOLQHSLSHOLQHKHDWH[FKDQJHUWKUHHSKDVHVHSDUDWRURLOVWRUDJHWDQNDQGRLOSXPSUHVSHFWLYHO\DQGLQWKLV
RUGHU7KHPLQLPXPHIIHFW RQ V\VWHPSHUIRUPDQFH DSSHDUV DW KHDW H[FKDQJHU UHYHDOV WKDW KHDW H[FKDQJHU LV WKH
PRVW UHOLDEOH FRPSRQHQW7KHUHIRUH WKH SRVLWLRQ IRU HDFK FRPSRQHQW LQ WKH V\VWHPFDQEHGHWHUPLQHGSUHFLVHO\
0HDQZKLOH LW KHOSV WR SURYLGH WKHRUHWLFDO VXSSRUW IRU WKH V\VWHP UHOLDELOLW\ DOORFDWLRQ RSHUDWLRQ GLDJQRVLV
SUHGLFWLRQDQGPDLQWHQDQFH
&RQFOXVLRQ
$PXOWLVWDWH%1PHWKRGZDV SURSRVHG WR UHOLDELOLW\ DVVHVVPHQW RI WKHPXOWLVWDWH GHJUDGDWLRQ V\VWHP LQ WKLV
ZRUNDQGLWVFRUUHVSRQGLQJDOJRULWKPVIRUWKHVHULHVV\VWHPWKHSDUDOOHOV\VWHPDQGWKHSDUDOOHOVHULHVV\VWHPZHUH
DOVRJLYHQ7KHDFFXUDF\RIWKHSURSRVHGPHWKRGZDVYDOLGDWHGE\WKHRLOJDWKHULQJDQGWUDQVIHUULQJV\VWHP
7RDGGUHVVWKHOLPLWDWLRQVRIFRQYHQWLRQDOELQDU\UHOLDELOLW\WKHRU\WKH%1ZDVH[WHQGHGWRPXOWLVWDWH%1LQ
WKLVZRUNWKXVWKHHIIHFWRISDUWLDOV\VWHPIDLOXUHRQV\VWHPSHUIRUPDQFHLVWDNHQLQWRDFFRXQW
&RPSDUHGZLWKWKHPXOWLVWDWH0DUNRY&KDLQWKHIDLOXUHSUREDELOLW\RIHDFKVWDWHLVHDVLO\FDOFXODWHGE\WKLV
PHWKRG,QDGGLWLRQ4XDQWLWDWLYHDQGUHOLDEOHGDWDLVSURYLGHGIRUV\VWHPUHOLDELOLW\SUHYHQWLRQDQGPDLQWHQDQFH
7KHPXOWLVWDWH%1PHWKRGKDVWKHPHULWWRXSGDWHSUREDELOLW\E\WKHQHZREWDLQHGLQIRUPDWLRQVRDVWRWKH
DFFXUDF\RI WKHULVNDVVHVVPHQWUHVXOW LVSHUVXDVLYHDQGZKLFKFDQSURYLGH WKH WKHRU\EDVLV IRUV\VWHPUHOLDELOLW\
HVWLPDWLRQOLIHSUHGLFWLRQIDXOWGLDJQRVLVDQGSUHYHQWLRQ
5HIHUHQFHV
>@ 06WDPDWHODWRV+'H]IXOL*$SRVWRODNLVHWDO3UREDELOLVWLFULVNDVVHVVPHQWSURFHGXUHVJXLGHIRU1$6$PDQDJHUVDQGSUDFWLWLRQHUV

>@ + ;X '\QDPLF HYHQW IDXOW WUHH '()7 D PHWKRGRORJ\ IRU SUREDELOLVWLF ULVN DVVHVVPHQW RI FRPSXWHUEDVHG V\VWHPV 8QLYHUVLW\ RI
9LUJLQLD
>@ 056KLVKHVD]01%DMHVWDQL6-+DVKHPLHW DO&RPSDULVRQRI$3,SUHVVXUHYHVVHOV LQVSHFWLRQSODQQLQJZLWK$3, ULVN
EDVHGLQVSHFWLRQSODQQLQJDSSURDFKHV,QWHUQDWLRQDO-RXUQDORI3UHVVXUH9HVVHOVDQG3LSLQJ
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>@ +& /LX / /LX 1 /LX 5LVN HYDOXDWLRQ DSSURDFKHV LQ IDLOXUH PRGH DQG HIIHFWV DQDO\VLV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
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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DVVHVVPHQW$QQDOVRI1XFOHDU(QHUJ\
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
>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